We developed a short Ca^+.dependent deoxyribozyme with 11 mer catalytic loop domain (dGGCTACAACGA) that catalyzed site-specific RNA cleavage reaction between rA and rU. The second-order rate constant of this short deoxyribozyme is 1.7 x 10^ M~l min~l at 37 °C, and this value is very similar to that of the deoxyribozyme (dGGCTAGC-TACAACGA) in the presence of Ca 2+
INTRODUCTION
Metal ions play the crucial roles in the catalytic activity of all ribozymes (1), because these ribozymes are considered as metalloenzymes (1, 2) . The ribozymes have a catalytic loop with a metal binding site. The deletion of nucleotides from the catalytic loop would show higher activity or unique property in the case of the small ribozyme (3).
An deoxyribozyme that was derived from a random library by in vitro selection is one of the DNA enzymes that requires Mg^+ and catalyzed site-specific RNA cleavage reaction (4). The original deoxyribozyme, dGCCTGGCAGiG2-C3T4A5T6G7C8 A9C1 oA 11A12C13G14A15G-TCCCT, binds to the RNA substrate, rAGGGACA^lUGCCAGGC, and acts as a enzyme in the presence of Ca2+ or Mg2+ so that it cleaves the RNA substrate at one site of rApiU in the asymmetric internal loop (4) . The catalytic efficiency of the original deoxyribozyme in the presence of Mg2+ is very similar to that of Ca2+.
In this study, we developed a short metal iondependent deoxyribozyme with site-specific RNA cleavage activity.
MATERIALS AND METHODS Materials
The RNA and DNA oligonucleotides used here were synthesized chemically on a solid support using phosphoramidite procedures and purified by HPLC as described previously (5) . The blocked unnatural nucleotide monomers were purchased from Glen Research. The RNA substrate was 5'-end labeled with [y-32p] ATP by the T4 ploynucleotide kinase method. Cleavage Reactions Kinetic measurements were done under multipleturnover conditions in a buffer containing 50 mM Tris-HCl and 25 mM divalent metal ions (pH 8.0) at 37 °C. After cleavage reactions were stopped, the cleavage products and the RNA substrates were separated by electrophoresis on 20% polyacrylamide denaturing gels. The RNA cleavage yields were determined by quantition of radioactivity in the bands of the 5'-end labeled products and the RNA substrate with a Bio-Image Analyzer model BAS 2000 (Fuji Film, Tokyo). K m and &cat values were calculated from EadieHofstee plots.
RESULTS AND DISCUSSION
The catalytic efficiency (&cat/^m value) of the original deoxyribozyme in the presence is about 23-fold, although that of the original deoxyribozyme is about 1.6-fold as shown in Fig. 2 .
To investigate a Ca^+ binding site, we used the mutant deoxyribozymes that have the Gi, G2, and G14 substituted by 2-amino purine or 7-deaza dG. As a result, it was found that N7 of Gi and 06 of Gi and G2 in the catalytic loop of the short deoxyribozyme influenced binding step between the deoxyribozyme and RNA substrate, and 06 of G14 influenced RNA cleavage step.
In conclusion, the short deoxyribozyme that has specific metal ion-dependency on the RNA cleavage not observed in the case of the original deoxyribozyme or the hammerhead ribozyme.
